A critical examination of the modal expansion method to study discontinuities in waveguide based microwave components is made. We consider the case of E-plane metal insert filters as part of our study to assess the places where maximum electric fields occur so as to cause damage by multipaction in a high vacuum environment. Comparisons are made with results obtained using commercially available soft wares.
I. INTRODUCTION Metal inserts or septums in rectangular waveguides as shown in figure 1 are used by Indian Space Research Organization (ISRO) in their microwave filters fitted inside satellites. In the environment of space these components get damaged due to a problem called multipaction which is impact of electrons on the metallic walls of the waveguide in the high electric field existing inside. Thus it is necessary to estimate the maximum electric field and its place of occurrence in these filters for a given power level. In this short study we try to estimate the electric field distribution when a single such septum of a given thickness and length is present inside a rectangular waveguide when excited by an incident wave of unit amplitude by the method of modal expansion tried out in the past with slightly differing formulations [1] , [2] . The purpose here is to compare the results obtained by this method with those of HFSS (high frequency structure simulator of Ansoft) which uses the finite element method. The fields at 0  z in fig. 1 are plotted as a function of x from 0 to a for different levels of accuracy and are presented in section III along with the plots obtained from HFSS with the maximum possible accuracy. The conclusions are that the modal expansion method is of limited use.
II. FORMULATION OF THE MODAL EXPANSION METHOD
The structure in fig. 1 has no variations along the  y axis and so it is sufficient to consider TEm0 modes only [3] . In the figure the  x axis shown might create some confusion and hence we clarify that whenever x appears in the equations below it actually stands for a x  of the figure. Thus according to the text the value of x at which the septum is located is t x x x    
One must note that in both equations (1) and (2) the upper limit of summation M should be ideally infinity but for practical calculations the summation must be suitably truncated as dictated by the need for accuracy. The electric and the magnetic fields in the region of the bifurcated waveguide that is in the region (7) and then for the magnetic field 
. (8) where y J is a y -directed surface current density on the face of the septum at 0  z .
III. METHOD OF SOLUTION AND RESULTS
The difficulty with this modal expansion technique is to obtain an estimate of the unknown quantity y J in any meaningful way. It is easy to determine it by the integral equation GHz. We took d in fig. 1 (b) to be 2 mm. The incident electric field amplitude is normalized to unity. In figure 5 the corresponding calculation made using HFSS is presented. If one tries to increase the value of M to 600 for example in the modal expansion technique then the entire method fails if we start from without knowing y J in Eq. (8). The expected value of y E on the face of the septum is zero and this is most accurately predicted by HFSS as the black square shaped dot is closest to zero in fig.  5 . In the method of modal expansion it cannot be brought down below a value of 0.5.
